Co-based alloys represent very important group of materials used for medical applications. Currently, fabrication of these materials is preferentially done by casting or forming. Production by powder metallurgy techniques is less common. However, powder metallurgy fabrication of these alloys brings advantages such as reduced machining, possibility of alloying by high-melting elements, preparation of nanocrystalline materials with enhanced mechanical properties or producing of porous alloys with improved ability to integrate into issues. In this work, our attention was focused on fundamental preparation of an CoCrMo alloy by two methods of powder metallurgy. In the rst method, pure metallic powders were mixed, pressed and sintered in vacuum furnace. The second applied technology consisted of mechanical alloying using planetary ball mill and compaction by spark plasma sintering technique. A series of samples was prepared under various conditions by these procedures. Dependence of microstructure, phase composition and mechanical properties of prepared samples on fabrication conditions (milling parameters, sintering temperature etc.) was studied. Obtained results were compared with properties of commercial cast cobalt alloy used for medical applications.
. Major metallic materials used in medical applications today include titanium and its alloys (largely α + β alloys: Ti6Al4V, Ti6Al7Nb alloy, and several β-Ti alloys), stainless steel, and cobalt-based alloys (primarily Co28Cr6Mo alloy). Titanium and its alloys are widely exploited as implants in orthopaedics, dentistry and cardiology due to high strength and excellent biocompatibility [3] . However, these materials are seldom used in tribological situation, mainly because of their poor wear resistance. The austenitic stainless steel is recommended rather for short-term implants with regard to danger of allergic reaction appearance in a big number of patients [1] . The rst medical use of cobalt-based alloys was in the production of dental implants due to their excellent resistance to degradation in the oral environment.
Results of various in vitro and in vivo tests have shown that the alloys are biocompatible and suitable for use as surgical implants.
Today, the main use of cobalt-based alloys is related to orthopaedic prostheses for the femoral or shoulder * corresponding author; e-mail: ivo.marek@vscht.cz components as well as to fracture xation devices [1, 4] .
At room temperature, pure cobalt has a hexagonal closepacked crystallographic structure (hcp).
At the temperature of 422 • C, this structure undergoes the allotropic transformation to a face-centered cubic (fcc) structure [5] . Strengthening of cobalt alloys is obtained through a combination of solid-solution hardening and carbide precipitation hardening by the addition of carbon, chromium and molybdenum [6] . Chromium and molybdenum enhance the corrosion resistance of alloys and also stabilize the hcp-structure of cobalt matrix, which has been considered important to improve the mechanical properties, to reduce the abrasive wear and to lower the stacking faults energy. Unfortunately, presence of stacking faults considerably decreases ductility of Co CrMo alloys [7] .
Eect of carbon addition to cobalt-based alloys has been described in the cast and forged materials. Investigation of cast cobalt alloys with higher carbon content showed that microstructure was composed of dendrites of solid solution and interdendritic carbides.
These carbides are of two morphologies lamellar which is thought to be the most detrimental morphology to the mechanical properties of as-cast components and blocky carbides that are more desirable [10] .
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Mechanical properties of cobalt-based alloys do not depend only on the chemical composition but also on the fabrication process. Casting process provides desirable processing exibility and lower initial costs. However, distinct limitations are associated with casting, such as coarse grains, non-uniform microstructure and lower tensile and fatigue strength. These drawbacks can be overcome by using wrought alloys [10] .
In recent years cobalt-based materials with improved properties have been fabricated by means of powder metallurgy. When compared with conventionally produced (cast/wrought) alloy, samples made by the powder metallurgy process were found capable of higher tensile and fatigue strength, increased hardness, ner grain size and more uniform structure that is less prone to segregation.
The powder metallurgy processed alloy also provides the same relative benets even after exposure to the elevated temperatures typically associated with annealing or forging of orthopaedic implants [11] . The holding time was 10 min. Samples obtained from cast knee prosthesis were used as a reference material.
Grinding papers (P 80P 4000) and polishing diamond paste (D2, particle size 23 µm) were used for preparation of metallographic samples. Microstructure was revealed by etching in aqua regia for 5 s. Microstructure was studied by means of light microscopy (LM) using metallographic microscope Olympus PME 3 and image analyzer Lucia 4.8. Phase composition was determined by XRD phase analysis.
For compressive tests, samples were cut and grinded into the shape of a cube with an edge length of 5 mm.
These tests were carried out using universal testing machine LabTest 5.250SP-1 VM. Vickers hardness tests with the load of 30 kg were also performed.
Results and discussion
In the microstructure of cast knee implant dendrites of solid solution and blocky carbides situated in interdendritic spaces were visible (Fig. 1) . By XRD phase analysis it was found that matrix was composed of cobalt solid solution with both crystallographic modications (fcc, hcp) and Cr 23 C 6 chromium carbide. Presence of both cobalt crystallographic modications is probably due to the content of alloying elements which inuence the transformation temperature, and also due to cooling rate after casting [13] . Vickers hardness of this sample Results of light microscopy showed that ne chromium carbides formed irregularly shaped clusters (Fig. 9 ).
The porosity of this sample was considerably lower compared to pressed and sintered samples and reached only 0.1 vol.%. Vickers hardness was of about 650 ± 4 HV 30.
With regard to mechanical properties it was found that the compressive yield strength reached almost 2200 MPa and compressive ultimate strength more than 3100 MPa.
These values strongly overcome the mechanical properties of cast cobalt alloy. This can be attributed to reducing of the grain size taking place during mechanical alloying and very low porosity. Comparison of compressive curves is shown in Fig. 2 .
Conclusion
This work was focused on preparation of Co-based alloys for medical applications by powder metallurgy.
It was found that simple cold pressing and subsequent sintering did not lead to desired phase composition and therefore the prepared alloys show too high porosity which is responsible for signicant lowering of functional properties. Better results were obtained by using the combination of mechanical alloying and spark plasma sintering. Co28Cr6Mo0.25C alloy showed superior mechanical properties when compared to conventional cast counterpart.
